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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
head having high variation rate of impedance and 
utilizing variation of impedance due to magnetism. 
SOLUTION: The magnetic head comprises a magnetic 
circuit having a pair of soft magnetic films 14, 16 formed 
to sandwich a detection conductor film 15, a 
nonmagnetic film 18 forming a gap provided at least a 
part of the magnetic circuit, and a magnetic yoke 19 
provided on one soft magnetic film 16 while keeping a 
magnetic gap 20. A high frequency carrier signal 
superposed with a DC bias current is applied from a high 
frequency oscillator 48 to electrode terminals 38a, 39a 
connected with the opposite ends of the detection 
conductor film 15 and a high frequency carrier signal 

subjected to amplitude modulation by the impedance variation of the detection conductor film 
15 due to magnetic field from a magnetic recording medium 28 is taken out between the 
detection electrode terminals 38, 39. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st soft magnetic material film which maintained the magnetic gap and was joined in the 
field which counters the magnetic-recording medium of magnetic York, A conductive thin film is put by 
said 1st soft magnetic material film and the 2nd soft magnetic material film. The magnetic circuit which 
consists of soft magnetic material film of the pair which prepared the gap in a part of location [ at least ] 
which is separated from said magnetic gap, The magnetic head characterized by having a means to 
impress the RF carrier signal current and a direct current to the electrode terminal of a pair linked to the 
both ends of said conductive thin film, and the electrode terminal of said pair at coincidence, and the 
high-frequency amplifier which amplifies the RF carrier signal produced between the electrode 
terminals of said pair. 

[Claim 2] The magnetic head according to claim 1 characterized by ******** so that the gap formed in 
a part of magnetic circuit which consists of soft magnetic material film of said pair, and the magnetic 
gap which counters the magnetic-recording medium between said magnetic York and said 1st soft 
magnetic material film may become an opposite location mutually 

[Claim 3] The magnetic recorder and reproducing device characterized by having a maintenance means 
of a magnetic-recording medium by which the signal currently recorded by the magnetic head according 
to claim 1 or 2 and said magnetic head is reproduced, and a positioning means to position the magnetic 
head to the location where it was specified on said magnetic-recording medium. 
[Claim 4] The magnetic sensor characterized by to have a means impress the RF carrier signal current 
and a direct current to the electrode terminal of a pair linked to the both ends of the magnetic circuit 
which consists of soft magnetic material film of the pair which prepared the gap in a part of location [ at 
least ] which put the conductive thin film and is distant from a magnetic detection side, and said 
conductive thin film, and the electrode terminal of said pair at coincidence, and the high-frequency 
amplifier which amplifies the RF carrier signal produced between the electrode terminals of said pair. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic head using change of the impedance by 
the MAG of the soft magnetic material which impressed the RF carrier signal and the magnetic recorder 
and reproducing device using it, and the magnetic sensor that detects existence of an external magnetic 
field and reinforcement in a list. 
[0002] 

[Description of the Prior Art] When impressing a field to the magnetic circuit formed on both sides of 
the conductor with the soft magnetic material with an easy axis of a pair from the exterior and passing 
the high frequency current to said conductor, there is a phenomenon in which the impedance of said 
conductor changes according to the reinforcement of the field impressed. Unlike the so-called MR 
effectiveness that the electric resistance of the magnetic substance changes with the size of the skin 
depth produced according to an eddy current with the reinforcement of an impression field, change of 
this impedance is detectable with the reverse electromotive voltage produced by the product with the 
impedance of the high frequency current passed to said conductor, and said conductor produced by 
magnetic-properties change of the magnetic substance. Therefore, the magnetic head and the magnetic 
sensor which have high detection sensitivity are obtained by using change of the impedance by this 
MAG. Hereafter, it explains, referring to drawing 7 about this conventional kind of magnetic head. 
[0003] (a) of drawing 7 is the perspective view using change of the impedance by the MAG of the 
magnetic head reported to the electronic informatics meeting technical report MR 95-80. (a) of drawing 
7 ~ setting - detection of a conductive metal thin film — the conductor 29 is sandwiched by the soft 
magnetism cores 33 and 34 of the pair of the width of face 30 almost equal to the width of recording 
track of the magnetic-recording medium 40. Each soft magnetism cores 33 and 34 are the layered 
products of the permalloy film 31 and Si02 film 32, as shown in the enlarged drawing of (b) of drawing 
7. 

[0004] detection - pass resistance 36 in the fixed RF carrier signal of a UHF band from the RF 
transmitter 35 in the electrode terminals 38 and 39 of the both ends of a conductor 29 — it impresses, the 
current 37 of the RF which this shows by the arrow head — detection - a conductor 29 is flowed, 
consequently, detection - between the terminal terminal 38 for detection linked to the both ends of a 
conductor 29, and 39 - detection - change of the impedance by the MAG of a conductor 29 — a basis ~ 
electrical-potential-difference change of a ****** RF arises. 

[0005] the case where a signal field does not exist in the magnetic-recording medium 40 — between a 
terminal 38 and 39 — a current 37 and detection - the electrical potential difference (it is hereafter 
described as a UHF carrier signal) of the RF carrier frequency equivalent to the terminal 38 of a 
conductor 29 and a product with the impedance between 39 occurs. Since orientation of the direction of 
the easy axis of the soft magnetism cores 33 and 34 is carried out crosswise [ of a truck ] when the signal 
field by the magnetization 41 shown in the magnetic-recording medium 40 by the arrow head all over 
drawing exists, the soft magnetism core 33 and the direction of magnetization of 34 are leaned from 
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orientation by the signal field, consequently, the permeability of the soft magnetism cores 33 and 34 - 
small — becoming — detection — the impedance of a conductor 29 decreases. 

[0006] this detection - by change of the impedance of a conductor 29, AM of the UHF carrier signal is 
carried out by the signal field of a magnetic-recording medium, and that UHF carrier signal (it is 
hereafter described as an AM signal) by which AM was carried out is detected between a terminal 38 
and 39. The signal currently recorded by the magnetization 41 of the magnetic-recording medium 40 is 
reproducible by carrying out AM detection of this AM signal. 

[0007] Drawing 8 is a graph which shows actuation of the magnetic head shown in drawing 7 , an axis 
of abscissa expresses the direction and reinforcement of a signal field, and an axis of ordinate expresses 
the level of the AM signal acquired from the electrode terminals 38 and 39 for detection. The curve 52 
of drawing 8 sets the frequency of a UHF carrier signal to 1.0GHz, in the center section of Helmholtz 
coils, impresses a direct-current field (DC field), and asks for the above-mentioned magnetic head. The 
bias field (it is hereafter described as the bias field 42) of the magnetic field strength shown in the 
straight line 42 of drawing 8 is given to the soft magnetism cores 33 and 34 of drawing 7 . In order to 
detect a signal field by high sensibility and to acquire an AM wave with little distortion so that drawing 
8 may show, it is necessary to set the direct-current bias field 42 as the optimal value, a direct current 
from the DC power supply which omitted a UHF carrier signal and illustration in the above-mentioned 
magnetic head — detection — ** <DP N=0003> is carried out to a conductor 29, and a direct-current 
field is generated and it is considering as the bias field 42. 
[0008] 

[Problem(s) to be Solved by the Invention] detection [ in / at the magnetic head using change of the 
impedance by the conventional MAG / a RF ] — change of the impedance by the MAG of a conductor 
was not able to be made into the desirable, sufficiently big value. This invention enlarges change of the 
impedance by the MAG enough, and aims at realizing the magnetic head which detects the signal field 
by magnetization of a magnetic-recording medium by high sensibility. 
[0009] 

[Means for Solving the Problem] In the field where the magnetic head of this invention counters the 
magnetic-recording medium of magnetic York The 1st soft magnetic material film which maintained 
said magnetic York and a predetermined magnetic gap, and was joined, The magnetic circuit which 
consists of soft magnetic material film of the pair which prepared the gap in a part of location [ at least ] 
which put the conductive thin film by said 1st soft magnetic material film and the 2nd soft magnetic 
material film, and is separated from said magnetic gap, It has a means to impress the UHF carrier signal 
current and a direct current to the electrode terminal of a pair linked to the both ends of said conductive 
thin film, and the electrode terminal of said pair at coincidence, and the high-frequency amplifier which 
amplifies the UHF carrier signal produced between the electrode terminals of said pair. 
[0010] In the magnetic head of this configuration, the magnetic circuit which maintained the magnetic 
gap at magnetic York and was joined and which has a gap at least in a part is prepared, and the effective 
permeability of said magnetic circuit is reduced. Thereby, the impedance characteristic of the conductive 
thin film in the RF field of a UHF carrier signal is improvable. Consequently, the rate of change of the 
impedance by the MAG becomes high in a RF field, and change of the impedance by the signal field of 
the magnetic-recording medium incorporated by the magnetic gap can be detected by high sensibility. 
[001 1] The magnetic recorder and reproducing device of this invention is characterized by having a 
positioning means for positioning the magnetic head to the location where it was specified on a record- 
medium maintenance means by which the signal currently recorded by the magnetic head of the above- 
mentioned configuration and said magnetic head is reproduced, and said record medium. According to 
the magnetic recorder and reproducing device of this configuration, the signal field of a magnetic- 
recording medium is detectable by high sensibility. Consequently, the magnetic recorder and 
reproducing device which can reproduce the information on the magnetic-recording medium recorded 
on high density with the narrow width of recording track by high sensibility is obtained. 
[0012] The magnetic sensor of this invention puts a conductive thin film, and has a means to impress the 
UHF carrier signal current and a direct current to the electrode terminal of a pair linked to the magnetic 
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circuit which consists of soft magnetic material film of the pair which prepared the gap in a part of 
location [ at least ] which is distant from a magnetic detection side, and the both ends of said conductive 
thin film, and the electrode terminal of said pair at coincidence, and the high-frequency amplifier which 
amplifies the UHF carrier signal produced between the electrode terminals of said pair. In the magnetic 
sensor of this configuration, the effective permeability of a magnetic circuit falls by having prepared the 
gap in a part of magnetic circuit [ at least ] where an external magnetic field is impressed. Thereby, the 
impedance characteristic of the conductive thin film in the RF field of a UHF carrier signal is 
improvable. Consequently, the rate of change of the impedance by the MAG becomes high in a RF field, 
and change of the impedance by the external magnetic field can be detected by high sensibility. 
[0013] 

[Embodiment of the Invention] Hereafter, the suitable example of this invention is explained, referring 
to drawing 6 from drawing 1 . 

[0014] «example» Drawing 1 is the side elevation of the magnetic head of the example of this 
invention. In drawing 1 , magnetic York 19 of the soft magnetic material of Fe system is formed in the 
field of a glass substrate 50 by sputtering. At this time, multistage sputtering is performed using a mask 
so that crevice 19A of the predetermined depth may be formed in a part of magnetic York 19. Crevice 
19A of magnetic York 19 is filled up with the non-magnetic material 25 of Si02 grade, and the front 
face is finished so that it may become the same as the field of magnetic York 19. At this time, the 
nonmagnetic membrane of Si02 grade is formed in the magnetic-recording medium 28 of magnetic 
York 19, and point 16A which counters, it finishes so that that thickness may become 0.2 microns, and a 
magnetic gap 20 is formed. 

[0015] Next, the soft magnetic material film 16 with a thickness of 1.5 microns is formed all over 
magnetic York 19. By this, in the magnetic-recording medium 28 and point 16A which counters, the soft 
magnetism film 16 and magnetic York 19 will maintain the 0.2-micron magnetic gap 20, and will 
counter, next, the field to which crevice 19A exists in the lower layer on the front face of the soft 
magnetism film 16 — copper sputtering — detection with a thickness of 0.5 microns — a conductor — the 
film 15 is formed, the detection on the soft magnetism film 16 - a conductor - the nonmagnetic 
membrane 18 with a thickness of 0.3 microns is formed in the back end field 17 which did not form the 
film 15. 

[0016] the last - detection a conductor ~ the soft magnetism film 14 with a thickness of 1.5 microns 
is formed on point 16A of the film 15, a nonmagnetic membrane 18, and the soft magnetism film 16. 
Thereby, in the back end field 17, the soft magnetism film 14 and 16 maintains the gap of the 0.3- 
micron nonmagnetic membrane 18, and counters, the magnetic head shown in drawing 7 of the 
conventional example by the magnetic head of this example ~ the same — detection — a conductor - 
electrode terminals 38a and 39a and the electrode terminals 38 and 39 for detection are formed in the 
both ends of the film 15, respectively. The RF transmitter 48 is connected to electrode terminals 38a and 
39a via resistance 47. The high-frequency amplifier 49 is connected to the electrode terminals 38 and 39 
for detection. 

[0017] Next, actuation of this magnetic head is explained. The magnetic flux 22 generated from the 
magnetization 26 of the magnetic-recording medium 28 is divided into the soft magnetism film 14 and 
16 through magnetic York 19, and turns into magnetic flux 23 and 24, respectively. These magnetic flux 
23 and 24 supports the external magnetic field of the magnetic head, the magnetic field strength in this 
soft magnetism film 14 and 16 — responding — detection — a conductor — the impedance of the film 15 
changes, detection — a conductor — by forming a gap in a part of magnetic circuit formed by the soft 
magnetism film 14 and 16, the effective permeability of a magnetic circuit falls and the frequency 
characteristics in a RF field are improved so that the result of the check experiment mentioned later may 
also show the change property of the impedance by this MAG of the film 15. consequently, this 
detection - a conductor - the magnetization 26 of the magnetic-recording medium 28 is detected by 
high sensibility as an electrical-potential-difference value change which produces the film 15 by the 
product of the flowing fixed high frequency current and this impedance. 
[0018] if it explains in more detail — detection — a conductor - pass resistance 47 from the RF 
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transmitter 48 in the electrode terminals 38a and 39a prepared in the both ends of the film 15 — the 
direct-current bias voltage of the DC power supply which omitted a UHF carrier signal and illustration is 
impressed, detection — a conductor — the AM signal with which amplitude modulation of the UHF 
carrier signal was carried out by magnetization 26 from the electrode terminals 38 and 39 for detection 
prepared in the both ends of the film 15 is detected. This AM signal is amplified by the high-frequency 
amplifier 49, and reproduces the signal corresponding to the magnetization 26 of a magnetic-recording 
medium by next carrying out AM detection. 

[0019] In this example, the gap between the soft magnetism film 14 and 16 is formed in the back end 
field 17 of the magnetic head of the nonmagnetic membrane 18. Change of the impedance in a RF field 
becomes large with this gap, and playback sensibility improves. On the other hand, the magnetic gap 20 
between the soft magnetism film 16 and magnetic York 19 is formed in point 16A which is an opposed 
face to the magnetic-recording medium 28 of the magnetic head, moreover — as other effectiveness — 
detection — a conductor - the poor insulation between the film 15 and the soft magnetism film 14 and 
16 — detection - a conductor — even if the high frequency current and bias current by the UHF carrier 
signal impressed to the film 15 flow on the soft magnetism film 14 and 16, the magnetization by the 
current is short-circuited by the magnetic circuit of soft magnetic materials 14 and 16. Therefore, it can 
prevent having a bad influence of eliminating magnetization of the magnetic-recording medium 28 by 
the magnetic gap 20. . 

[0020] In this example, although Fe system ingredient was used as a soft magnetic material, soft 
magnetic materials, such as other Co systems, Fe system amorphous magnetic substance, a permalloy, 
and Sendust, can be used. Moreover, a substrate can also use nonmagnetic substrates, such as not only a 
glass substrate but NiTiMg, AlTiC, other ceramics, textile glass yarn, a carbon substrate, etc. detection - 
- a conductor — although it considered as the film and Cu was used, conductive ingredients, such as Ag, 
Au, and aluminum, can be used. 

[0021] It checked that conducted various kinds of measurement experiments as shown in a detail below, 
and this magnetic head had high sensibility about the magnetic head of the above-mentioned 
configuration, the detection which consists of soft magnetic materials 14 and 16 of FeTaN material with 
width of face of 300 microns, a die length [ of 3 millimeters ], and a thickness of 1 .5 microns, and 
copper (Cu) with die length of 2 millimeters, a width of face [ of 400 microns ], and a thickness of 1 
micron as a sample for a measurement experiment — a conductor — the film 15 was used, the magnetic 
head of a configuration of being shown in drawing 1 — producing — detection — a conductor — it 
investigated about the impedance of the both ends of the film 15. Instead of the signal field from 
magnetization of a magnetic-recording medium, the direct-current field was impressed to the 
longitudinal direction of soft magnetic materials 14 and 16 by the Helmholtz coils which generate an 
external magnetic field. If a direct-current field is set to 50e(s), the soft magnetic materials 14 and 16 
used for this experiment will be saturated completely. 

[0022] Drawing 2 and drawing 3 are graphs which show the result investigated about change of the 
impedance to the frequency of a UHF carrier signal. Drawing 2 shows change of the total impedance of 
the sample measured with the impedance meter. It changes, as are shown in drawing 2 , and a property 
in case an external magnetic field is zero, and a curve 2 are the properties when adding external 
magnetic field 50e and a curve 1 shows an arrow head 3. The rate of change of the impedance by the 
MAG is high, and a big amplitude modulation output can be obtained, so that the difference of this 
change is large. In an impedance meter, it can separate into an inductance component and a resistance 
component, and a total impedance can be measured. Drawing 3 is a graph which shows the property 
over each external magnetic field of an inductance component and a resistance component. 
[0023] In the low frequency field 100MHz or less, the total impedance is changing [ the frequency of a 
UHF carrier signal ] a lot to change of an external magnetic field so that drawing 2 may show. However, 
in a RF field 500MHz or more, a total impedance hardly changes to change of an external magnetic 
field. However, since the rate of change of the impedance by the MAG is proportional to the product of 
the frequency of a UHF carrier signal, and the rate of change of the permeability of the soft magnetic 
material which forms a magnetic circuit, it is important for it to make a UHF carrier signal into a RF, for 
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raising the rate of change of the impedance by the MAG. 

[0024] The property of drawin g 2 shows the property similar to change of the inductance component 
shown in drawing 3 . the detection from which the inductance component which changes with external 
magnetic fields does not change with external magnetic fields from this — since the inductance 
components, such as a conductor, are large, in a RF field, it turns out that the mask is carried out. On the 
other hand, this experiment showed that the resistance component shown in drawing 3 was changing 
sharply to an external magnetic field in a RF field 100MHz or more for the first time. 
[0025] the inductance component which will produce the curve 4 in drawing 3 according to the 
permeability of soft magnetic materials 14 and 16 if it states in more detail, and detection — a conductor 
— it is the sum with the inductance component of the film 15. in order that the permeability of soft 
magnetic materials 14 and 16 may approach 1 of the value in the inside of air by impression of external 
magnetic field 50e — detection — a conductor - the inductance component of the film 15 becomes main 
and serves as a curve 5. the resistance component which produces a curve 6 according to the 
permeability of soft magnetic materials 14 and 16, and detection — a conductor - it is the sum with the 
resistance component of the film 15. the detection which does not change with external magnetic fields 
since the permeability of soft magnetic materials 14 and 16 is set to 1 by impression of external 
magnetic field SOe - a conductor ~ the resistance component of the film 15 becomes main and serves 
as a curve 7. 

[0026] moreover — as the 2nd sample for an experiment ~ detection with a thickness [ of 1 micron ], and 
a width of face of 10 microns — a conductor - detection create that to which the membranous die length 
was changed, and according to the MAG — a conductor - change of the inductance of the film 15 is 
measured and a curve 8 shows the result to drawing 4 . it is shown in drawing 4 — as — detection — a 
conductor — the inductance of the film 15 will decrease sharply, if the die length becomes 100 microns 
or less, that is, the detection which does not change with external magnetic fields — a conductor — it is 
important by decreasing the inductance component of the film 15 sharply to actualize and detect 
impedance change of the soft magnetic material film 14 and 15 which changes with external magnetic 
fields. 

[0027] furthermore, the detection in the RF field of the frequency of a UHF carrier signal — the 
resistance component of the impedance of a conductor increases sharply by forming a gap in a part of 
magnetic circuit formed with soft magnetic materials 14 and 16, and reducing the effective permeability 
of a magnetic circuit. The magnetic head of this invention is invented based on the knowledge of these 
analyses. It explains referring to drawing 6 from drawing 5 below about the check experiment of the 
effectiveness which forms this gap. 

[0028] detection of as opposed to the frequency of the UHF carrier signal of the magnetic head of the 1st 
example of a prototype of the verification test of the effectiveness of a gap in drawing 5 — it is the graph 
which shows change of the impedance of a conductor, the detection in the magnetic head of the 1st 
example of a prototype — a conductor — 10 microns and thickness were made into 1 micron, the width of 
face of the film 15 made die length 10 microns, thickness of 0.5 microns and the soft magnetic material 
film 14 and 16 was made into 1.5 microns, and the width of recording track of the magnetic head made 
die length 1 millimeter, that is, the detection corresponding to the ** width of recording track of 0.5 
microns — a conductor — the die length of the film 15 was shortened with 10 microns. The impedance 
was measured with the network analyzer by adding a uniform direct-current field to the longitudinal 
direction of a soft magnetic material by Helmholtz coils. When the soft magnetic material film 14 and 
16 is set to FeTaN, the impedance rate of change in a 1GHz UHF carrier signal becomes 52%. 
[0029] The case where being shown in drawing 5 used the soft magnetic material film 14 and 16 as the 
ingredient with which the frequency characteristics of permeability are extended to the RF like Fe 
system was shown, and the rate of change of an impedance has reached to 94%. That is, in drawing 5 , if 
the curve 9 of an impedance characteristic in case the field to impress is OOe impresses a saturation 
field, it will turn into the curve 10 of an impedance characteristic, and the impedance rate of change in 
1GHz becomes 94%. As compared with the rate of change of the impedance of the spin bulb GMR head 
currently developed being about 5 - 7%, it turns out that it is the rate of change of a very high 
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impedance. 

[0030] The magnetic head of the 1st example of a prototype and the magnetic head of the 2nd example 
of a prototype which formed the gap in a part of magnetic circuit of the same configuration by the 
nonmagnetic membrane 18 with a thickness of 0.3 microns are explained. In order that the frequency of 
a UHF carrier signal may depend change of the impedance in 1GHz on the resistance component 
produced mainly with the permeability of the soft magnetic material film 14 and 16, change of the 
resistance component in the magnetic head of this 2nd example of a prototype is explained hereafter, 
detection according [ drawing 6 ] to the existence of a gap ~ a conductor — it is the graph which shows 
change of the resistance component of the impedance of the film 15. 

[003 1] As mentioned above, in order to enlarge the rate of change of an impedance, it is required for the 
frequency of a UHF carrier signal to enlarge the resistance component in 1GHz. it is shown in drawing 6 
— as — detection of the magnetic head of the 2nd example of a prototype — a conductor — one 1.8 times 
the resistance of this is obtained to the curve 12 of the resistance component of the magnetic head of the 
1st example of a prototype in which the curve 1 1 of the resistance component of the impedance of the 
film 15 does not form the gap in I GHz. if this curve 1 1 impresses a saturation field detection — a 
conductor — it changes to the curve 13 of the resistance component of a membranous impedance. As 
mentioned above, as the magnetic head of this 2nd example of a prototype explained, in the magnetic 
head of this invention, the rate of change of the impedance by the MAG in 1GHz can improve sharply 
by forming a gap in the magnetic circuit constituted from soft magnetism film 14 and 16 by the 
nonmagnetic membrane 18. 

[0032] In addition, this example explained magnetic York and a magnetic circuit for the predetermined 
magnetic gap about the magnetic head maintained and joined in the opposed face with a magnetic- 
recording medium. However, it cannot be overemphasized that it can use as a magnetic sensor used for 
the position sensor combined with the magnet as a component which detects the external magnetic field 
impressed to this magnetic circuit by high sensibility. 
[0033] 

[Effect of the Invention] As the above example explained in detail, according to the magnetic head of 
this invention, the rate of change of the impedance in a RF field can be enlarged by letting reception and 
the received magnetic flux pass to the magnetic circuit which has a gap in a part in the magnetic circuit 
which maintained magnetic York and a magnetic gap and formed the signal field by magnetization of a 
magnetic-recording medium. Consequently, the signal field of a magnetic-recording medium is 
detectable by high sensibility. 

[0034] moreover, the thing for which the gap prepared in a magnetic circuit is estranged with a magnetic 
gap, and is arranged — detection — a conductor — bad influences produced according to the poor 
insulation of the film and the soft magnetism film, such as elimination of magnetization of the magnetic- 
recording medium by the RF carrier signal, can be prevented. Furthermore, the magnetic recorder and 
reproducing device which can detect the magnetization of a magnetic-recording medium by which high 
density record was carried out by high sensibility is obtained by using the magnetic head of this 
invention. Moreover, it can use as a magnetic sensor which detects the external magnetic field to which 
this magnetic circuit is impressed by this by high sensibility. 



[Translation done.] 
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nwdsn i ^*fc«si?H(^iKi: as 2 ^mmMmt vnmm 
a«tti»]Wk 

flMd«fBf>:#W^^ 

tit zmmzmrr a , & t/«iire-»<oiaffi«i^ifl] tc 

(M^2) ntl .id — 4^ ^t^ii »^ ^ > ^ ^> ^ ED tfft 

i <n&8m.wmt wiin«o««E««t»ic:*tifii-rsaa^' 

SSJxfcffiB^tt^y KfettBftfc+SfMttfcfc-T* 
»tfctfcB*>'>4< + y^€rl9:ttfc-*M> 

+ 6 r. t £ 4$tt t -r 5 . 

[0 0 0 I ] 

im\<nm'Z&'mm] y 7m 

& ru »ii u w«« ic * a >r ^ tf- y ^ * <o ie 

>-y— (cMi"5o 

[0 0 0 2] 

it ic & c *c iOTd# f*w -f > f - y > 7, # sMt-r 6 sift a< 
(Lie io'cii:^ ffiffiWttco-r yt"~y> a t omic x 

9aiT6iaat80I»-J:9lfttl3t**5. Hot, 
J: 6 W > tf- y > * co afft & #1/1! t K z. t K J: «y ft t * 



IKiLoojWj-f 6. 
[ 0 0 0 3 ] l*l 7 CO ( a ) rittt-Ttfl«*fttt«M H 9 5 

- 8 o \c m ',v i t , &ft k ..u 6 ^ tr - y ^ * co m < t 

£W\\LtzW&^y h'omUm'Ch% n m7 0) (a) iC 
{*4 Of) hvy^^iiii^u^y 0<O— »<o«:«tl; 

3733, 3 4CJ:otMilT^6o 4H*«ttfe=>7 3 
3, 3 4(1, 17(7) (b) (DtjKXm^i'Xo^, 
vn>fR3 1 <t S i 0 2 )$3 2 ^ffl«»-C*>5 0 
[0 0 0 4] |$|liW2 9tOraoW^3 8&i>*3 

■v y 7ia*«r«tt3 6 «:»rBi»Di-6. ztuzx 9 xmi 
tt*, ^m^-{^2 9co«ic^Lfe^w;ii«a7-«a^3 

8^t/3 9|{l](c^tb^2 9co^lcJ:5-< vt-yy 

[0 0 0 5] tt«Kft«t#4 0lCffl*«#*S#«£L4^ 

^-2 900^^3 8^.(^3 9ni]cD-r vf-yv^tcofiaic 

«?3+5jflS«tt*+yT«»6*<0«BE (UAT\ UHF + 

^\z^v7ik-rmt4 1 ic j: 5 

y ? <nM%mzfc\H)£tlXl<*Z>tzib. tt«tt143 7 3 3, 
3 4 coWL^^ffij^ft^m^^ J: oX&fajTfafrb&H 

£<49, ^m^2 9co>r ytr-y^^^^i-^o 

[0 0 0 6] lcO«Sti3^W:2 9<0-fV f-y>^c0^fl: 

yrw-s- AMaEawMe-tsei-) mhhf-3 8, 3 

[0 0 0 7 ] tt, 7 Kcoffi)f1?$:^ 

L, ^lil^Mi/im^^-7-3 8, 3 9^&tt&il2AM 
MW&O^^St, IS 8(0^-7^5 2*i, UHF 
^-v 'J 7«-9-0>Jfltt»£ 1 . OGHzi UT, ±jffi<KSe 

(uci^#) &WMi>x*Mfri><»xhz> Q m7(n&m 

fi-; =>73 3, 3 4CI1 MB coilttt 4 2 T /"p-ffittW^ 

^ » *r Hi L , (O '>4^AMS»H6ig«:»5ic 
(i % fffi^<>f7^flt#4 2 4-iftai4tt:(cil9:3fei-5^K^ 
6 , I SdttSl^ y I * f tt U H P A- -y y 7 fa «t 1^1 ^ ^ 
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[0 0 0 8] 

L J: ') t rz>WM] 'il£*vm^l:Z<<> 

to & *M JW(*««laic Jis^ytf-/^^ * > «ft ! ■ 
Lt ^tttci" # 'C £ ft A >o Ac n * * W 

6«*&^y K«r'i551-r5-^«:RWt"*"*- 
[0 0 0 91 

a - * £ A- -v y :/ & f* o T S ftfc SB 

*tfcttR«>'><c< t t>-&5lc=\M' yy&gfritfc-#cQ& 

[0 0 10] Z<DMimm$\^y Kt*H, tt&a-*lc 
yy«riff+-5BI*IOIB«:l»«t, (WilB«t*lyli»^K»»« 

[0 0 1 l ] *«i«WiK5rvffi»wailRia(-i. Jbffittirtw 
««^y h\ AMBtttt^y KICfcoTffiaSiiT^SW 

* £ w £ * n a fa««6»»» . & tfiffifcire&i&ft ± 
loo 1 2] **ijn«o«a-t^^-ji. wmi-WRfci* 

~\- -v y fc-«<0*«tt^M[A^ b ft *«ftluIStt 

£ , rtfl ffci^mf 1: fltt 5f{S ( c ^fe'd U — *1 co Ttt*fi£i«S T , 

nflffti— ^ittttsWST-tc u h f * -v y Tizvyrm t iitucitt 
^a: tic j: •) , aaoaiB^saaa*^^ K-rs, c 

Hie J; *j , u i-i i- * -v rm tfcofiMKWtfKtoit a W 



% . HftUc J: 6 >f > f — y y * <» 3£ (b«M» iWJfi ttWKU 

*! ^ x m < * »j , Kimmzxb'O'X-yyxiomt 

[oo i :i ] 

[»iwcoyL«ifcco»iBi eat. **iy]«o»ai45Kit«ifeia 
[0014] c^ttMB e» i a, ^»ip]fio^*«icoa« 

1 9 ODOffi 19Al:Si O 2 *0*«tt» 2 5 

tt±«f*. ^^<t^, ^a-^i 9«ieW2 

8fc»|p|+5Jfe«B«l 6 AlCS i 0 2 «OM2ttifiR<:» 
[0 0 15] i$l3-^19(DiKf$l. 5 

^ ^ n vcott(Ktt*JI£ 1 6<r»rt+6. ^^(ci:^, fit 
aaB»«EW2 8i:»lfi]-r55l5ffl»l 6Atcto^T, ftflS 
Mi 6 i 9 tiio. 2^py<oflm* 

Kl 6co^iS±-C^coTJStem]Sl5 1 9A^Wfi"5«« 
ic, Kl^/<y * y y^ic<tl9l5C$0. 5^^p^^ 

^ p ^©IWttR l 8 «r»rt+S. 

[00161 ftttCC, ttUW^'R 1 5 , ^ttttH 1 8 , 
Rt^ftttttRl 6©*»«1 6AO±lCJ»S 1. 5^ 
p yottflMtR l 4 «r»riti-S. mici: 9 % KfllttR 

I 4 t 1 6 £l*ttM<ME 1 7 "CO . 3;^n VW*flWt 
Rl 8 0^^y^(*oT^|nj-t-6o lO^I^J^)^ 
^y h"Cli, tte*W^ia7(C^Lfca^y KtPlfli 
(C, ttmWM=R 1 5<0jSn«aiClEffi«gT- 3 8a, 3 9 a t 

fltWf 3 8 a, 3 9 alCtt, 4 7 $:^d3 

K36ma»4 8tmmztix\t*z 0 »wflittt««^ 3 8, 

[0 0 17] ^0«ft^y.K^ft«5|co^rWf] 
f/,, fiJ^naM^ 2 8CD<8fb2 6^65B3£i-5fi»)K2 
2li«tt^a-^ 1 y*ift<oXlfoWmi 6 left 

frtlX*M'tl&& 23^0 ; 2 4<t/j:6o - (0(Mi 2 
3, 2 4/j^-yK««(:^L-Cl^ 0 CCO 

KRi 5«>fytr-yv^^SEfti-S. »ltt*»8i 5 
i 6 t ■C^r*Lfc«5dli31Ko-fflJlc^A' y^*JB|jR+3 
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2 8wmt2 6*»ifflV^WC*i.lJ*n<&. 
[0018] £ bUtf L < 3M11-* <b , ttlMiftfMK I 5 
fi0WiS»caB:it0iiTi^tlHS«il-7-3 8 a 3 9 a iCiftj 
JftttftffiSSH 8A»*>ttfii4 7fc«X, UHFAM'^rm 

»irf£ 0 «W«M«i 5<oW«8lclS:rtfcttll.un«««S7- 
:J8M3 9^ 6 ttfb 2 6 J: 9 U H I ; A- -V U 7 IK 
KttMSftfcAMSWa^&tfW-r*. :^)AM» 

«s«*f £ w t K <fc oX««3Gtt«tt*>flMb 2 6 lC»iS-T 

[0 0 19] *»JKWCli, MttttKi 8fcJ:!XMtttt 
Hi 4 £ 1 eolfl]*)** 5/7"A\ titi&r»y Ktf)*JSfiWfi 
l 7lc»idtSftX^S. J; 

^rfi]J:-f^o ftlKMl 6Waa-^ 1 9 4>|ll] 

2 Ott, flm^y K<0«*iE«jK»2 8 

LX, 15t, 4*fitt«=BS 14,1 

6 t«)RII^Ift*^filcJ:*), BUMMMMSl SCWLfc 
U H l ; *-r y 7«*fc J: drWnttlKtt^ »<>f rxr&m* 

#HK14(*14, 1 6«*«@Kli:J:9«»Six5. «o 

[0 0 2 0] **lfc«Xtt, ft«tt»t LXF c*W» 

for, y<- V p^, -feyy* Kf^ft«ttttW«:JIJv^6 
ZbtfV$Z> 0 &&k#7*&tetcPR<b-f N i T 
iMg, A I T i C, *-cDltiH-'7 5 v 's . Ilyxfu 1* 

-x>m&®mmw&Qizn\^z> r t ^x$ &<> tttu 
wwiat Lcu«r;«t^fc^. Ag, au v a i &£4>w 

ntttMft«:lHv^Cfc*sx#6 # 
[0 0 2 1 ] ±«BO«fK©«*^y Kdo^X, i^T(c 
»Wi*i"J:5<c*««>ilW**ll«rtToX, ico&ft-* 

hj->-7Vu£ u, WI3 0 0 s ? n >, * 

P?£ 1 . 5 5 £ w ycO I" c 'I 1 a NM«tt«8ttM< 1 
4 , 16t, i^2;!l^-h/K «S4 0 0 ;^ny t 
IJJ 1 ^ n xo« (C u ) A*6fc<&ttWW«« 1 5 & 

/nwc„ si i u^+wiitcoasat^y K&fvsu «uiW 

^W;(4^)^^^»^ofH vm^coftbO ic, ft«#£ 

»±i"6^^?^^ 3 ^'HCj;oXi(*iKW:(^ 14,1 

U-f<5t, 4, l 



[0 0 2 2] L«l 2 Jfct/W 3 liU H F * V 'J Tfit 4J*<OjAli£ 

*t 1- 6 <y y t - - y x * co a ft ic o t > x ^ it m « & 

71^1-^7 7 X*>^. I8 2IJL, -r ^r-^v^-^icx 
M£ L fc 1h y -//uc/.) $ ^f-^ «aeft & ,ji L X v * 

* fc«M*HUtfj*:tta - t A«X* w > f-yy* 
»«LrA»tlc»«tx»JS-f*wt*sx$6 # 0 3(i. 

[0 0 2 3] Qd2^&^dJ:9(C, UHF**!J7« 
^(Ittft^l 0 0MHzaTOfiH*««'Cll l ^SC 
«S#oSftJc»LX±^ >t*-y < ^{CLX 

t^6o L?i^U, 5 0 0MH z£Jl±OMSHtt«*<cXtt, ft 
LX£W > tT- f/y'Mlft t h IftMt 

[0 0 2 4 ] ia2W»ttttH3IC*Lfc-<^y^^^ 

»»*JHcioXjEft-r6-f>^^^v^*»tt* ft^ 
8MHcJ:oX«ftL/£V^ffl««:/j;^^-f ^ 

v^fc«), KfliS«[*Xll^^^*nxv^r 
t^^So H3l:i^tftR«»tt, ioomh 

zK±^ifiSfl««*^^V^X^««»IC»UX*«IC* 
{bLXi^Ci:A***IWcJ:oX»J«>X»A»ofc. 
[0 0 2 5] SbU»U<ie'<St, H3*^ll!l»4M: 

ttotttflc 14,16 coisefc^tc^ cx^r<s-r 

X*>5. 4, l 6 0>i£tiWA', ^M#5 0 

6o ifli»6»i, ttttfdiMci 4, i 6 0>sflM*fcttxxa- 

6 0 tt«tt#l 4, 1 6tf5aat*AS, »tt«#5 0e« 
WMzX*) ibtebtzfts ^««IH-J:oXK{bL<c^ 
KtUtt^K 1 5 ^ 9 , l«i» 7 <b <c 5 0 

[0 0 2 6] */c, JB2coa5*Jf!^^^/Ut LXW^l 
* ? n>- x «J 1 0 ^ ^n^oUIUiStMR<oft$«raE{fcS 

^ ^ v*co£{t&PJ& L, 4 i;«8 X>ji 

'>-TS, o^j, ft««t#»cJ:oX«fbL/j:^ttWW# 



8$ l 5c/M ^>-^i&»€:A:«l<:M'>5-U-6ci:^ 

wmmzx^xmM'&&i&w.wm\ 4, 15 
co ^ y tr - y y * * { t £ M / ih t l x $ 1 1 r r a z. t # ire k 

[0 0 2 7 1 $ U H !• -V-v U Tin W-c/>W«»Wifii 

1 4, 1 6rj»l«diLfc«[feli!llft«--«tt 

<0 ¥ -v y 7* JTMt 6 01 * T W T (c 13 

[0 0 2 81 H 5 tt, ¥ v y ^<oj»ft^)l»8»W*^5B I 

1 O^nytU S£STv^-7 KcO h 7 y^WliO. 5; 
? n >\ 14, 1 6 GDP?£ li 1 . 5 S ? n 

>, i x ) t-Vfrb Lfc. o£9 , $fc h7 

5/^«0. 5^ny|:^t5miiWl 5<o££ 

A;^7 3>f/Maot^- ft ffifltflS # £ #n x. 5 C £ I C 

oT31'J& Lfc 0 tt«Btit:(*«S 14, i 6 £ V e T a N t L 
lGHzWUHF^-HTlgWMyt 4 -/ 

[0 0 2 9] SI 5 \C7fi-?<Ol*. 14, 1 6 £ 

9 4%tcaiLr^6o o4 9 % esic-m^t, Ppan-rs 

0 O c O4Bft0M y t*-y v^ftte^M® 9 a*, 
ft 9, igh zicioiti-r y^-yy*3E<fc*W9 4% 

^yf-yv^C0^^^5-7%mit"C^a ^ <h(Clt 

[0 0 3 0] SR l <0Wff.ffl<aflSfc^ 7 K <b ffi 
ftiQIIftwHftlco. 3 S ? o yoWi^jWW-K l 8T 
* y^»iaLfc»2 WKffffil«0flt^y h'MOt>'C 
SftlJJ+i, U H I* 3r V ! J 7f3^«0WK»* s I GHz 

4, l 6 0yffim^£V±i'Z\Mri}&ftlz£Z>tiit)* 
[0 0 3 l] ift$LfcJ;9lc, 4 ye-'/y*tf)£{k* 



f«" i sco^c ^tr-y^^io«tnL;a»<oiiii* i i i 

GH z Mtti^T, yy&JfML-a^^# I co*tf| ! . 
«</)a«^s/ K«««:i*»</>iyi» l ^ IC»LT l . 8 {ft 

flK l 4 , 16 TWj*1"6«»«lul»^^iKttlfiS l 8 

j; 6 w v tr- y v ^ <o mtmt-xmz inj ± -c * 6. 

[ 0 0 3 2] ro35*W«i«»3-^ <t&ftl»liffi 

[0 0 3 3] 

[0 0 3 4] ^[Hl^^^ttS^^y^^^^ 
[HifiOffiMt/jiBlin] 

[69 1 ] Kw«ia«r*+I38, 

[ N 3 ] ^« iyi co«^ H i- y "//^^ ^yf- 7 /^^ 
[1^14 ] ^^iyio«^^-yy/w^a^^^ 

^ >y ^ ^ >^ t <0M{fc£^1-y 7 7. 

[ m s ] * % m <o mk%m y -//^c7) ^ v tr- y y ^ « 
t'ji£*-ry7 7 0 

I ® 7 ] » * co «t su - «t 6 y tr - y v * co k { t ^ fii ffl 
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[1*1 h ] WS*w« / M!:.t6'f >i:-yyxo>l£it£n}\\ 
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ty/JIHK J: * « (t £ >7* "t" XfU 
(OWtt 
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2 8 OtftfcftJKtt 
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4 9 

5 0 
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